Introduction
The global prevalence of high blood pressure (BP) in adults aged 18 years and older is 31.1%.
in 2017 then showed an increased prevalence of HTN, despite increased awareness, treatment, and attempted control of the disease. It is estimated that by 2020 the prevalence of HTN will increase to 44% with treatment control of 36.6%. 3, 4 Supporting the conclusions of the SEPHAR II and III studies, population-based analyses of prevention, diagnosis, and treatment of HTN have identified a high prevalence of uncontrolled HTN. Even in high-income countries such as Switzerland, the rate of BP control in hypertensive patients is 40 .8%, and nonadherence with treatment is high. 5 Improving HTN management by strategies that are feasible in typical health care settings is essential.
The Systolic BP Intervention Trial (SPRINT) demonstrated the importance of intensive BP control for reducing the incidence of stroke, acute coronary syndrome, myocardial infarction, congestive heart failure, and CV death. 6 The number of years of life and adjusted quality of life is higher in patients undergoing intensive treatment, and this trend persists throughout their lifespan. 7 Optimal therapy requires efficient treatment strategies together with high adherence to the antihypertensive regimen. Low adherence to treatment is an obstacle to effective therapy of HTN and leads to poor prognoses, increased days of hospitalization, and higher death rates. 8 Although Oung et al 9 found that adherence to treatment is better in patients with HTN compared to other chronic diseases, good compliance with antihypertensive therapy is a multifactorial process. It is influenced by environmental factors, as well as the type of treatment (including dosing regimen), concomitant medications, clinical status, presence of comorbidities, cost of treatment, and the doctor-patient relationship. 10, 11 In addition, in older hypertensive patients, high adherence to their prescribed pharmacotherapy is associated with low CV risk. 12 Pirasath et al 13 emphasized that noncompliance with the prescribed medication regimen and interruptions in daily routine are the most common reasons for non-adherence among hypertensive patients with their treatment plans.
The marked heterogeneity of results in studies on adherence to therapy in hypertensives reflects the multiple available assessment methods (subjective, indirect, and direct) utilized. 14 Although the retrospective evaluation of drug prescription records offers a novel strategy for the assessment of adherence to pharmacotherapy, 15 an European panel of experts recommends a combination of methods for measuring adherence, combining electronic monitoring and drug-level measurements. Parati et al 16 advocated home-based BP telemonitoring to improve adherence to therapy. Noninvasive adherence assessment methods, such as the use of digital medicine drugs (ingestible sensors incorporated into pills), was used by Frias et al 17 for real-time (dose-by-dose) feedback about treatment adherence in hypertensive type 2 diabetic patients.
In addition, the quality of communication, with high levels of patient education conferring greater knowledge and understanding of the disease and its complications, can improve adherence to antihypertensive therapy. 18, 19 A strategy involving dynamic physician-patient collaboration, along with increased involvement of pharmacists to support the treatment goals and motivate patients, can improve adherence to therapy. 20 This is important because inadequate control of HTN is associated with excessive use of medical resources and elevated CV risks.
The limited availability of data regarding adherence to antihypertensive treatment in Eastern Europe, including Romania, led to the current study, which was designed to elucidate the level of adherence to antihypertensive treatment in patients from an urban area family medicine practice.
Patients and methods
A cross-sectional, descriptive study was carried out by prescreening records from 1,714 adult patients followed-up in a family medicine practice in Tirgu Mures, a city in central Romania, Eastern Europe. Medical records for visits between January 2011 and December 2014 were reviewed, and 525 subjects were selected and enrolled as subjects in the study. Recruitment for active participation in the study was conducted by phone call invitations or by personal invitations during planned appointments or medical checkups.
Patients meeting the following criteria were considered for enrollment in the study: 21 and pharmacotherapy regimen for their BP for a minimum of 3 months before entry into the study • Newly diagnosed hypertensive patients initiated on medication that continued for at least 3 consecutive months. A total of 459 subjects (87.4%) were previously diagnosed with HTN, and 66 (12.6%) were diagnosed with it during the study period. Patients unable to give informed consent were excluded.
ethical considerations
The study project was reviewed and approved by the ethics committee for scientific research of the University of Medicine and Pharmacy of Tirgu Mures, Romania (no 94/2015). 
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Antihypertensive treatment adherence in primary care in romania According to the Declaration of Helsinki, each study participant signed a document indicating written informed consent. Authors maintained the confidentiality of each of the subject's data and limited authorized access via a passwordprotected computer system was available.
Data collection
Data were retrospectively collected from the available paper files and electronic recordings by a multidisciplinary medical team (consisting of general practitioners and cardiologists).
Data An indirect, noninvasive method for adherence assessment was used, specifically, a prescription record review. This was performed by computing the total number of consecutive months that had been covered by antihypertensive prescriptions, during the 48-month study. Adherence was expressed as a percentage of time, with the first month taken into account was January 2011 and the last counted month, continuously covered by prescription, was December 2014.
Three levels of adherence were documented: low (,20%), medium (20%-79%), and high ($80%); each subject was graded by their percentage of adherence by the three different levels as defined earlier.
Persistence with the antihypertensive regimen was defined by maintenance of a specific antihypertensive drug class during the study period. Any changes in the antihypertensive prescriptions written for the subjects during the 4-year study were checked by analyzing the medical records available on paper charts as well as the EMR. One hypertensive patient was utilizing herbal products for treatment. Consequently, the patient was excluded from statistical analyses of adherence.
Uncontrolled BP for the nondiabetic subjects was defined as systolic BP . 140 mmHg and/or diastolic BP . 90 mmHg, and for the diabetics as systolic BP . 130 mmHg and diastolic BP . 80 mmHg. BP was measured using an automatic device (Omron M3 Comfort, HEM-7134-E; Omron Healthcare, Co., Ltd., Japan) certified by ESH, International Protocol revision 2010, for the validation of BP-measuring devices in adults, to the standards of the 2013 ESH guidelines. 22 BP measurement was included in all routine medical visits and was followed routinely by appropriate treatment with BP-lowering drugs when HTN was diagnosed. Patients diagnosed with HTN returned to their family physician for further monitoring and prescriptions of BP-lowering medications every month or within 2 or 3 months according to the clinical findings and treatment plan. All BP measurements recorded in the EMR and paper chart notes were computed.
statistical analyses
Statistical analyses were carried out using SPSS for Windows (v 22.0; IBM Corporation, Armonk, NY, USA) and MedCalc (v 10.3.0.0; MedCalc Software, Ostend, Belgium) software programs. The Kolmogorov-Smirnov test was used to assess the normal distribution of continuous numerical variables. The results were presented as numbers and percentages for qualitative variables. Data were compared using the chisquared test. For correlation, Pearson coefficients were used. A value of p , 0.05 was considered statistically significant.
Results

Patient characteristics and overall adherence evaluation
Baseline sociodemographic data of 525 stratified hypertensive patients, both overall and in subgroups (active, deceased, 
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Tilea et al and lost to follow-up), are listed in Table 1 . The mean age of all the subjects was 62.1 ± 12.3 years; for active patients, it was 61.5 ± 11.9 years.
Male subjects did not adhere to the treatment plan in 80.4% of the cases and thus were poorly adherent (,20%) to the antihypertensive therapy ( p = 0.01). We found no statistically significant trends regarding the residence area ( p = 0.07), marital status ( p = 0.06), or professional background of the subjects ( p = 0.11).
cV risk factors, comorbidities, and adherence
Total CV risk evaluation among the active hypertensive subjects found 32.2% at high risk and 32.4% at very high CV risk. There was no positive statistical association ( p = 0.46) with active versus deceased hypertensive subjects.
Comparing the subjects at moderate CV risk with low adherence (42.9%) to those at very high CV risk with medium and high levels of adherence (32.3% and 34.6%, respectively), a significant positive association ( p = 0.02) between total CV risk and level of adherence was identified (Table 2 ). In addition, when the active and deceased subject groups were compared, no statistically significant association between the level of adherence and the total CV risk was found ( p = 0.10).
Not surprisingly, medication adherence was related to BP control, as shown by the significant differences seen over the three levels of adherence ( p = 0.002). A significant association was found between low adherence (,20%) and uncontrolled BP. However, in the high ($80%) adherence group, only 54.7% of the subjects had documented control of their BP (Figure 1) .
Concomitant presence of DM did not significantly affect the statistical likelihood of a low, medium, or high adherence ( p = 0.07). However, the presence of established CVD was associated with high adherence to antihypertensive treatment ( p = 0.03). For the subjects with CKD and HTN, the presence of different stages of renal damage did not appear to influence the level of adherence ( p = 0.24). With respect to the hypertensive subjects with CKD and lower levels of estimated glomerular filtration rate (eGFR; ,60 mL/min/1.73 m 2 ) consistent with advancing renal failure, there was evidence of increased adherence (23.3%) as opposed to low adherence (11.8%). Thus, comparing the different subsets presenting CVD associated either with DM or CKD, we concluded that the presence of CKD with eGFR , 60 mL/min/1.73 m 2 is associated with high adherence to antihypertensive therapy ( p = 0.03). However, in patients presenting with CVD with CKD and DM, there was no overall association between the three levels of adherence ( p = 0.08; Table 3 ). 
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Regarding adherence to the different drug classes prescribed for the subjects (Table 4) Assessing the adherence to antihypertensive treatment administered as fixed-dose combinations (FDCs), we found a very significant adherence rate ( p = 0.001). This association was not present at the beginning of the study, in 2011 (p = 0.16). Persistence with antihypertensive drug therapy from different classes Persistence of the use of different antihypertensive drug classes was analyzed by computing and comparing the percentage of subjects receiving the specific drug class in two different phases of our study: the first phase occurred at the beginning of data collection during January 2011, and the second occurred at the end of the study in December 2014. For the ARBs, "plateau utilization" occurred, with no significant changes over time, representing 28.5% of prescriptions in 2011 and 29.5% in 2014. In contrast, the rate of calcium channel blocker usage changed over the 48-month study, increasing from 23.6% to 36.4%. Figure 2 shows the dynamic 
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Antihypertensive treatment adherence in primary care in romania of persistence with each antihypertensive drug class which was analyzed one by one in the study. With regard to "statin" usage in these hypertensive subjects, there was a significant increase in the rate that these agents were prescribed (p = 0.04) over the 4 years of the study.
Discussion
In our hypertensive subject population, 69.8% had high adherence (above 80%), 20.3% had medium adherence (20%-79%), and 9.9% had low adherence (,20%) with respect to the usage of the prescribed medications. Comparable levels of medium-to-high adherence were reported for a group of 2,128 patients in the US (62.5%) during a 4-year study. 19 Additional results of similar magnitude were obtained in other studies in American, Jordanian, and Ethiopian patients. 9, 10, 23 However, some studies report high levels of nonadherence to antihypertensive treatment. In a cross-sectional study performed in Ghana and Nigeria, 66.7% of the patients were non-adherent to treatment. Non-adherence was related to age (younger patients) and education level. 24 Identifying the factors that can influence adherence to antihypertensive therapy may help improve planning and development of individualized programs for treatment. Thus, the factors associated with increased adherence to therapy are correlated with: gender (female), race (white), marital status (married), age, educational attainment, socioeconomic, and cultural level (higher). [25] [26] [27] In comparison to the elderly, younger patients do not tend to adhere to antihypertensive treatment. 2 A total of 41 (80.4%) of our study participants who adhered ,20% to the prescribed antihypertensive medications were male, showing a strong positive significant association ( p = 0.01) between low adherence and gender.
There has been high variability reported for the rates of age-related adherence to therapy. Daniel and Veiga 25 found that 54.9% of their subjects who had low adherence rates (,20%) to treatment were in the age group of 51-60 years, and 32 of these patients in the age group of 51-60 years (30.5%) had a medium adherence, demonstrating significant ( p = 0.0001) effects of age on treatment adherence. They also found that adherence to therapy was better in the age group of 40-59 years and those .80 years of age and that the most highly adherent participants were 61-70 years old (31.4%). In contrast, the current data are similar to those of Yang et al 12 from a Medicare cohort of 66-79-year-old subjects recently diagnosed with HTN that confirmed a better adherence to therapy compared to other age groups. Hansell et al 28 assumed that, in elderly patients, cognitive impairment should also be considered as it may lead to problems with adherence to therapy, leading in some cases to improper use of the medications and also may lead to adverse outcomes or side effects from excessive lowering of BP by the use of these drugs. Marital status did not significantly influence the level of adherence to antihypertensive treatment ( p = 0.06) in our cohort. In addition, the level of education did not significantly influence the level of adherence ( p = 0.11).
A study conducted by Kamran et al 29 in subjects living in rural environments showed low adherence (only 24%) as a result of untoward perceptions, reduced awareness of complications, and low economic levels. Of 516 participants in our study group (active and deceased), we identified 55 patients living in rural areas versus 461 who resided in urban neighborhoods. When the data were examined, no statistically significant differences in levels of adherence to antihypertensive treatment were associated with these two types of residential areas.
Long-term monitoring of hypertensive populations in previous studies has demonstrated that good adherence to therapy is associated with significantly lower CV risk. 12 Similar relationships between total CV risk and level of adherence were demonstrated in our study with a significant association within the active hypertensive subjects. The most non-adherent hypertensive patients had moderately elevated CV risk.
In our study, medication adherence level was influenced by the subject's comorbidities. The presence of CVD and CKD in our hypertensive subjects was associated with better adherence with treatment. Diabetic hypertensive patients did not have significantly higher adherence to 
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Tilea et al antihypertensive treatment, but a nonsignificant ascendant tendency was found. In a group of 527 hypertensive type 2 DM patients, Natarajan et al 30 reported high adherence (77%) in those aged 55 years and older, with more than seven prescribed drugs and maintenance of a healthy lifestyle. In Koreans, chronic disease management programs (DM and HTN) improved both the adherence and persistence of treatment. 31 In addition, Putnam et al, 32 in a practice-based survey on hypertensive patients with type 2 diabetes achieved the target BP in 54% of the cases, whereas patients with low adherence to therapy were less likely to achieve target BP levels.
Our data pointed to a strong influence on adherence to antihypertensive therapy by the presence of concomitant CVD. This relationship was observed in 79.4% of the subjects.
A study performed in Greece revealed that patients who viewed HTN as a chronic disease had a good doctor-patient relationship, were concerned about developing target organ damage, and were adherent to therapy. 33 The results of our study confirm an association between low adherence and uncontrolled BP and emphasize the need for improved treatment strategies in hypertensive patients, because only 54.7% of our high adherence subjects were at target BP. The 2017 meta-analysis by Abegaz et al 34 reported that although 45% of patients are non-adherent with treatment, a high proportion (83.7%) of non-adherent patients have uncontrolled BP.
Although the modern pharmacopeia provides a broad array of efficient antihypertensive regimens, the occurrence of side effects still remains one of the main issues leading to non-adherence to therapy. Schoenthaler et al 35 enhanced adherence in a cohort study of 92 patients treated with ACEI, assessed by an electronic monitoring device. In our study, 32.8% of the hypertensive patients undergoing treatment with ARBs were highly adherent (.80%), suggesting a very strong association with high adherence using this class of agents noted for low side effect profiles. Interestingly, similarly strong adherence was noted in the current study with the use of ACEI, beta-blockers, and calcium channel blockers.
Monitoring adherence to antihypertensive therapy by analyzing drug concentrations or metabolites in plasma or urine is a feasible but expensive option. There are important perspectives on the potential use of biochemical screening for non-adherence to antihypertensive therapy. 36, 37 Administration of FDCs with minimal side effects may improve adherence and persistence to therapy without major cardiac events. 38 In our study group, hypertensive patients receiving FDCs had significantly better adherence with clear evidence in 2014, probably encouraged by their wide use, as a direct consequence of relevant results in therapeutic and drug-monitoring studies. 39 Ghembaza et al 40 found that increased numbers of antihypertensive drugs prescribed in the presence of comorbidities are associated with poor adherence. However, the available evidence is not yet sufficient to conclude that there are differences between an FDC and to free combination therapy in the management of HTN. 41 The extended period of this study (4 years) offered us the opportunity to note and analyze the effect of adjustments in antihypertensive treatment strategies. These changes within the same drug class were associated with high adherence, but higher adherence was noted if a change was made to prescribe a different drug class, and in this setting a psychological relationship could have been at play. Simplifying treatment is one of the easiest ways to increase adherence, but education and motivation are needed to achieve the desired outcome. 42, 43 Although the issue of medication adherence represents a challenge in antihypertensive treatment strategies, the persistence with antihypertensive therapy also needs to be considered. A retrospective cohort study by Veronesi et al 44 found that hypertensive patients using ARBs have more treatment persistence. In addition, data from other studies show better persistence with ARBs and ACEI therapy compared to treatment with calcium channel blockers and beta-blockers. 45, 46 In our study, diuretics and ARBs showed a plateau in their usage rates over time, whereas calcium channel blockers had increased rates.
Even for patients aware of the potential impact of their HTN on their well-being, ongoing adherence with pharmacotherapy still represents a challenge for about half of them. A cross-sectional study carried out in Russia showed that BP control was maintained in 17% of patients out of 66% of patients with dual diagnoses of dyslipidemia and HTN who remained aware of their ongoing HTN diagnosis. 47 In a study based on medical prescription claims carried out in nine communities in north-eastern Colorado, a high adherence level was found in hypertensive patients with dyslipidemia, and this resulted in reduced morbidity from CVD and stroke. 9 In contrast, the present results in hypertensive patients with hypercholesterolemia in Romania, shows that only 46.9% were undergoing simultaneous lipid-lowering therapy. However, over the 4-year course of the study, an increasing rate of treatment with lipid-lowering agents was noted.
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In a meta-analysis of 22 studies performed worldwide, published between January 2000 and August 2015, Nielsen et al 48 found that adherence rates to lipid therapy are not satisfactory in some low-to-middle-income countries. Our study comes from a low-to-middle-income country in Eastern Europe showing that in a population sample with medium and high levels of education there was a positive association with high adherence.
Good doctor-patient communication, adequate knowledge, awareness of the disease and its possible complications, as well as the use of special containers for drug dispensing (blister packs, bottles, and timed dosing batches), remembering to renew the prescriptions, and then affording the price of the medication are important elements that affect the adherence to the treatment plan. 26, 35, 46 
Conclusion
Currently, the most compelling evidence for improved management strategies for HTN is derived from evidencebased clinical trials utilizing well-identified patient profiles. However, the practice of clinical medicine requires the provider to apply those results to a real-world population incorporating personalized approaches to different subsets of patients, as defined by their medical status and also by their sociodemographic characteristics. The strength of this study rests on the use of extensive clinical data from our cohort, including information recorded on paper charts along with electronic records from our primary care system. This had the advantage of giving access to a widely used database that could be accessed easily and that can provide a tool for the assessment of adherence. The study targeted a geographical area where the prevalence of HTN has increased continuously. Our adherence assessment used a noninvasive, reliable, and accurate method to perform a prescription record review from a family practice-provider network. In this study, higher medication adherence rates were associated with gender (female), age (medium age and older patients), concomitant presence of CVD or risk factors, and CKD along with the achievement of good control of HTN. In our study, the patient's level of education appears to play an important role in enhancing the level of adherence.
Developing awareness and patient education could reduce the obstacles to implementing the strategies developed in this study at the personal level for appropriate patients. Moreover, if we can overcome the socioeconomic barriers typically occurring in the adult population that impede treatment of HTN, health care professionals may be able to improve the approach to the patient's problems and provide more effective therapy. The current results and analysis of our cohort study involving a relatively large number of participants in a single primary care center can provide resources for future BP management strategies that should enhance the health of hypertensive patients. The use of targeted, specific methods to assess adherence to short-and long-term treatment of HTN is crucial.
limitations
The study has inherent limitations. As a single-center cohort study, it presents data from a middle-to-high-income area of Romania (a low-to-middle-income country). The level of adherence was estimated based on our evaluation of our catchment area which predominantly has an urban population. Therefore, the degree of education of the patients in our cohort was at a medium to high level and thus may not be representative of all the hypertensive patients in Romania.
